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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an optical transmission system which 
can 

perform the long-distance optical transmission with low loss by using a signal 
light of many wavelengths of a wide signal light wavelength band. 



SOLUTION: In the optical transmission system 1, optical fiber transmission 
ways 31-33 are laid between a sending station 10 and a receiving station 20. 
Optical couplers 41a and 42a are provided on the optical fiber transmission way 



31-33, an excitation ligtit source 51a for Raman amplification is connected to 
the optical coupler 41a and an excitation light source 52a for Raman 
amplification is connected to the optical coupler 42a. The optical fiber 
transmission ways 31-33 perform the Raman amplification of the signal light by 
supplying the exciting light for Raman amplification, when transmitting the 
signal light of an S band. The zero dispersion wavelength is 1,350 nm-1,440 nm 
and the cable cut-off wavelength is less than 1 ,368 nm In the optical fiber 
transmission ways 31-33. 
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m^mi] ^^^«[jg:R*n3 50nm~14 4 0n 
mTh 0 . "r-zrjVi] h>J-7g[ftA»' 1 3 6 Snm^M 

mie^ vyJii|afflJi^3tS:«*&i- S 7 v ytififfl 

im^m ] frE)t7 r ^^^isimm-^ 1 5 5 0 n 

[ii^«3 ] mE3t7 T AgiMS&OsSfi 1 5 5 0 n 

[ii*^4] mE3t7r-fA1SII8&«0&*13 80n 

5 ] BUE3K7 T -Y ^N'gm*^^:^^^ 1 5 3 
Onm~l 56 5nm (ON'yb') 1 5 

65nin-16 2 5nm (L/^>^*) c7)fi-f3KS: tfSS 

mm^mt^^ti^:! h (c J: O c A> K i/-i±LA'y K 
(m^timmti E r 7c*»3t7 r A'tiHSSr 

mm\m%:r>mm^9 son mTS)S c: t t-r 

ffiM*>4., Bf)ie3t7r^A-e3iSgtcf{,^-5fcflufS^A{aa 

[0001] 

h. 

[0002] 

-v^77-i^<ii. jftfti. suTnimx-m^mm 



(2) !»|«200 1-2 5 55 6 3 

2 

[ 0 0 C 3 ] ^fc. 5^^3fe7 r ^^N'^7)fEi^|i3^*J^g;R 
1. 5 S/^tm^ifiT-fi/ht^O. C^'N'yF (^^R^i^l 
530nm— 1 565nm) t5j:lXLA'yK (iS^^ 
1565nm~16 2 5nm) «0fi-f7fe|-3tiii|i-ri):: 

10 :J]W^i:^I.^MiS^7 h3t7 r A-*5^l2fflv><i,tL 
S. 

[0 004 3 (WDM: Wavelength 

Division Multiplexing) MiMi^^TMi. 

ti^-^^ixxii^ . \Enm.mmmk))mtixx\^ 

20 ii<U-C^V^. Ii^c, ±td«0*HJi^7h3t7r-f^N'fi. « 
ftl. 3/^ni#f^0jSft^O*e*fM*^":fe^V^ii:*- 
/i,. 3;Ltml:^-^S:^t5J3«ji«)T=5r 

[0005] ^;-c\ a^i . 3jum^Oft^3tfcJ;y^ 

E0Uc3e7T^A5&<^$ixT>r^l. (#^¥11-2 
8 184 0-fi^^mBS) , ::c7)7^7r^A'{i, OHa 

>,zmhm.\^-'?<mmzm^m.^i:^Lxii^. w. 

[0006] 

[%Bfl*^ig^»ita:3fc-ri.iiiii] u^t^*^'^,. ±m: 
^ztDixm^ 1. 3 m m^comnmim^ ^^ztt: 

SmUziiCOX'hli}^.^^!. 55Mm^bit^Xm 
m. 3Mm^xmm»^i}^izt\'\ -!-nttJfj*)^> 

is* 1 . 3u mi^(Dm^i:^mth ^ kt<x'^ 
i^mm^bLxim*^-^mmm^j:h^iim\\ uci^ 
±simx-m^tix^>iyty7^^<im^ 

[0007] *^B3<i. ±iei^Sj^[$:jg?S-f 

<giIvXTAS:Stt-^S <! k $• S Wfc , 
[0008] 

tA{±, 1350nm~1440n mXjf> 

0 . ^-yji-A V b:t 7»ft*< 1 3 6 8 n m*5ST'J> 
50 0, iJ?'5:<ki»[:g^J*1450nm-1 530nni 



3 

[0 0 0 9] Zcr)^mi^:^7-Mztmi. y^ymU 

mmmmt. y^ymmmmmik^mzx*)^yT 

n 1 5 3 0 n m ) com-^ii. r ^ AiSiSSS^ 

Bmthtthiz. ^(DBMcomzy^ymm^ti^, 

£7)fi-^3KfcJ;l>'7-7>'t«1@fflS)e3t 3 6 8 nm 

~i4 39nm) <^ntii^ytyr-^^-^m^^im^^ 

&:itifiT^i>. tti. i<!03!filroMv:^'TA{±. ^yr 

^^BMJ^CTim^Wl^M^ 1350nm-1440nm 

[0 0 10] L3t*»'-3T, ic07efSIv';^f-AT'fi. s 

^<y ]^<n^}gimii^\myr^mmimm-?. 

pAz'y-Tyi^m^tixmmm^m-^^^i^T. ^m\2. 

mmmiz-^hzt^T^^, 

[00 1 1] :^mizmmM'-yXTA-ii^ M 

yr^j^iiimcomm 5 5 0 nmX'ff^mi^rmmm 

fi. im^±(^mm^^^\:imi>zim^tLi(ox\ m^ytcn 

[0 0 1 2] ifW^\,zmm^'^:^TMi. % 
7r-f 5 5 0 nmT'^aj^ftXo- 

Tc7)*gMfl*'f0 . 0 6 5 P s/nm^/kmVXrX'hl 

{mi-miz^tfzm'^<^mm&^mi. mnt^ 
[0013] tt^. t^wmmmm'^XTMi. ye 

yr-i f^^^C0'&^ 1 3 8 0 n mX'<D^md)^ 0 . 

5dB/kmOTT'*)l.^t?:#®tt-fS. 

{±, OHStll^Mt-^^COjgftl 3 80nm#3a-e 

■^ymm^^im^msi^ix^, itztfi-^x. '^ms. 
mwiz^wm^zt^zti^T^h. 

[00 14] tfc. :^mizmm^i^XTAit^ 
yr^J'^mmii)m^^l 5 30nm~l 56 5 nm 
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(CAyh') 56 5nm~1 625 n 

m ( U^y H ) cOffi-^^t* fcfEjM L. ilie3ii*^"«^$il 

i:iki>zXK> CJ^y V'S.f^i.ti^J^y h'toft#3K$-3tti^ 
•t-S E r 7cS^D3^7 r ^ >''a»lill5r5gt=fiii. S <I t S: 

10 mm^mm\^xm^ ■ M:mm<7)t^mi:fro t 

[ 0 0 1 5 ] :^WMmimmiyXTMi. E 
OnmT$)i>Zfk^^ti-^, Z(D%^lZii. S/^y 

mimt^±x'imx'hi, 

[0016] i/i, *f&BJ(cf^S3tfEj^>':^rixT'{±. 

y'?yimmmmmitk^mi. ^yr-(^<mm^<^ 
y-^ymmmmmt^mxmi- h.^yr^ ^M^m 
20 \,z^'ytcMx^m.t^hcnmkti^&\,%}<^^mzhhE r 

y^ymsm%±^%yyAt<'is:m^zm.'^^ 
izb^i^mtti. zco^ui. ^^yt^mmmm 
±^M:mmizs-oxim^ith ^ t *i-e^ s (ox\ sj< 
y \'<m^m y'?ymm-ti>±.ximx'h s . 

[00 17] 

c^m^mmmm^zum-t^^ =3rt3. laffiw^st^fc 

30 =tBS-rSo 

[0018] (mi <r>mmm) *i&hjc<^&3K 

©lli^xri'>omi(0lli6f»-ov>TijiBB-fS. Ill 

hh. :LcnmSAi^x'fJ^ui. W^miot^WM2 
0b<mi,z%yr^}^^Sm3 i-^ssm-mtifz^ 

7*7 4 1 a.\,z\t'y-:?ywmmmm.s 1 ^mm.^ 
it. ^ijyyA iB.\,z\ty-7y'mmimm'5> 2 ^t^ 

40 mL^ftX\.^h. 

[0019] 1 0(4. '>^< 1 1 SA'y K (jg^ 
^1^1 4 5 0 nm~l 5 3 0 nm ) O^a*<=0<i-^Sr 
#fi^f:tT3K7r'fA-ei||K3 1A^ai-r*. 3t7r'f 
A-fE3^3 l-33^fi^ii\t. iSft^l 07!)»^>jiaiS 
^t:^>:fi-f-3K$rgfi^2 0MKjS-r'S« gfi«2 0{4. 
7 r ^ A'fE)MK3 3 SrigT A:*] Lfc^ift^ft-f^Sr^i- 

[0020] 7^*7-74 1 ^iii.x^y^ymmmat 
m 1 aj4. %yrA')<>'sm3 2\,zy^ywmm% 

50 3t (jft:ai 368nm~14 39nm) ^tt*&-ri>7V 



5 

:hL. ^ry4 1 a{i. ^<7)y-?ymmmmm%^^ 

yr^ A'giSK 3 2 . |ai«lti . ye^y-y 4 2 
afcit/"7'7yJitIffl||)g3tj!i5 2a{i. ^y7^^<m 

[002 1] ^IX. 3K7r^VN'^^3 l~33-?-ix 

im^tii^b^zx'oim^iy^ymi-^. ttz. 

1350nm— 1440nm-Cib*), I TU-TOG. 6 

5 OX'&m^tiX^-^l'ir-y')\,:f} .y h4-7}Sft*n 3 6 

-ftt-rtLij, mm. m^i 5 50nm(=*ji,^T. ^ 

ai^AiO. 2 0dB/kmT|>'9. «;S^i***7. 9p 
s/nm/kmT'fcO. ^^HiJ»:i«n 4 1 0 nmTife 
0, ;!:7-y h:t7jS^**n3 50nmT'J>l). 

[0 0 2 2] ::(7)J:dt*S^SiiS3tg)*>';^TAir 
ti1lffliilie7t«±3K;{?7-7 41a&:f^fC7t7r >f ^n'^to^ 

m2izm^ti. y^ymmmmtm5 2ai}^i^iii 

:h^tLfzy^ymW>mmmitiiyt:^ry4 2a.iittX 

^yr^jim^3 3izmi^^ti&. -eLT. mmmi 

Ot^t>»M^m^tiX^ii!,^tltcSJ'<y Fto^jftfitofi 
5e7r>f A-fisaiSSS l~3 3S-)it3^tSt 

^m^2o^zi5^^x^mti. ^mcoiE^¥^mti 

[0023] ZcO^iM^yy^TM.m. ^yr-f^MiM 
K3 1-3 3^iX^il(^^-y>l':^ -y h:*7«**i" 1 3 

145 0.nm~l 5 30nm) ) tiXX/y-^ymMf^Wl 
(«^*136 8nm~1439nm) <^MiXt5t7 
r-f aIejMSSS l~3 3^fEllS§-fr&C:i:*<-C'#l.. t 
^'t:. Z(^mMi^y^y'i^Ui. ^yr^^'^isms l~ 
3 3 ^fl-?tl(r>m^fMM^ 1350nin— 1440n 

mvhhztij^^. yeyT-iJ'^&xms i~3 3-eiT,-e- 

tL<OS^N'yK-C<0^*»fS:**0. ips/nm/kml.:^ 

mm^<^m^mim^^i>±x'0mx'$> -^(^ 

tc, 7 vytMilfflijejtioa*?: S^N> K J: 0 1 3 . 2 
T H z Tt'ftMVM 3 6 8 n m— 1 4 3 9 n m-fc-tS fc 
(Zj;'?. S^N>H (jS:R^lSl450nm~l 530n 

[00 24] L;t*J^f. Unt/tBx^i^y^T-J^lTli. 
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Sfi^ 1 0 *»^^^M^li$^^:^^ sy\> Ko^j^^Rcofi-^ 
It. yty7^^<mm3i--3 3^mmi-mizy-?y 
im^iixmimm:i}^/\^^^^(DX\ 'pm\^m^:mm 
iz-thitifi-c^i. tfz. B^m^^izm&m^^<r) 

<i-tzbij'X'^i<r>-c. i<7)AX'i>'ii>ms.m^mi 

izthHtiii-C^l. 

[0 02 5] ^t5, 7t7T-f>"(fsj||K31~3 3-e-it-f 
flCOm^ 1 5 5 0 nmX'CDm^'Zl TBrffiS/iM 5 At 

10 i^LLX'hicommx'hi. c:<DXoiz-tiztizx 
it^^mmmiti}^izm\^ti^cox\ a^tr) 
mm§iimzMsmiz-r:h z t ffix-t i . 

[0 026] 5i£7r-<AfEj^3 1~3 3-5-fl-f 

flcDjS* 1 5 5 0 n m T'<7)^*Ji-tS:X n-TC0*g*f€*« 

0. 06 5ps/ninVkmOTT'3>-g.O*^JfjiT-$. 
^, 3t7r-^AeiSjS3 1 
~3 3 SrfEJtf ■Si^tC±l:y2ft^3tO|g««*^^fCti. 

20 mmmm 2 0 tig(t/>:*M<ss(; i 0 z 

[0 02 7] *7T'f/N'<EillK3 1~3 3-?-*t-e 
iic^^* 1 3 8 0 n m t"c7)f5iia^*^0 . 5 d B/k m 

m^-i><r)T^^\ 3 8 0 nniftigT«*A«>'hSV^<7)T\ 
^<^ift«#j£07 vy«i|Bfflije3fe{i7t7 r ^^'^aiK 
3 1-33 -eti-eiiS: <£l»*T'fEitt 1. Z b t^X'% . y 

^ymmmifiit^^zm^^ixh. uzt^-^x. 
mwiz^^iz-ri z b s , 
30 [0028] (m2(r>mmm) mz. :^%mizi^^^ 
mi^xy'i.^m2(^mmmiz'?'.^xmmi, 02 
a. m2(ommmmimm'^y^TJ^2mimx 
hi, m2<mimmizmmsm=^y^Tj=^2it. mi 
<r)mmmizi^im:m=^XTj^ 1 ize rftrnmii^y 

[0029] Er7cS»3fe7r^>''<ti<i^61. 6 2 

mmnt/ty7-(^-^i^mmi^wb bxm^\ ^(oe tte 
mjimy T^^^zmmtix:n lxe rjcmmm 

40 C:<^Er7C^P3t7 7'f^N'^<EJ»-f§m^«r3e 

mmtii^<^Thi. ErimmaytyT^mmse 

1. 6 2•?■^i-r^^**3fe^illiU#^^I#7eo•«[:i{±. cvn- 
(«^ft=^«1 53 0nm~1 56 5nm)t5j:i;fL 

(«*^^ 1 5 6 5 n 1 6 2 5 n m ) TS) 
I.. iJje7t<7)^;S(i:-«W±9 80nmifc{i;1480 
nmX-hh, L*» L , *»fe?^.lST'{i S A> H ( 
i«14 50nm-'15 3 0nm) cOfl^^tS: 
l.<7)-C. E rx:S»*7r-f^N'i8i||^6 1 . 6 2^^ 
^tat. SAyh'f*l<0»ftl4 8 0nm<0iae3t^fflV> 
50 5it5r<, ift:g9 8 0nm(:ollS3tS:fflvia. 



[0 0 3 0] 3fe;«fr74 1 a. y-^ymm^mm^Ms 

1 a j:yE r 7tmmat/e7 r ^ ^mm^6 Hi. 1 0 

E T7twm^yr^f<mi^t i mmzwi^ixx 

mmmmt. mxm. {t^j:h-h. 3K^r7 4 1 a«« 

tx\ 'j'^y^mmm^mmzm.-ixm.^'ih 

[GOBI] mmz. 3tX/r7 4 2a. ^vyti«ifl§il 
2a{i. Er7C^m!lieie7r-fA-iM(i^6 2c7)^K^Cffi 

"y-^ymmmmmi. mxm. mhib. mry 
4 2a tm^.'fWz^m.) f)->^ity r A^^^mzm-y 
tzwm.-h'^mm^m.^zhh e rji^tmyrA^-^ 

[ 0 0 3 2 ] CliO J: ^ t^m^tlSTtfijI^/XrA 2T- 

{i. 7vytiiiffli)^a516j!I5 i a*»^ai*$^t?t7^y 
ii1@ffli)ie3t{±3K;<?r74 1 a2::ft-LT5e7r'f^N'{wM 
n32\.zm^iX. 9vytM1gfflii|a3l6iS3 2a*>^>ai 
:^j§a?t5vyt|Hiffllije7t{i3te*r7 4 2 a Sr^r LT 
?t7T-^A'g^*8S3 3tctti|&Sn.i., ^LT. iifl^l 

m'mm^ii. %y 7 ^j^BWi 3 1-33 ^ji 

L A> K £7)ft-^(i: E r 7C«)^|lP3t7 r ^ 6 
1.62 m-f ilt J; '9*ti«i§a§ , ^ LT , Sft^ 

2 0tci"jaL;t^i!feftc^-^3^(i. gfi^2 0(Ci5V^T 

[0033] ::c03tf5iM>';^'rA2{i. Tt^r-^v^fSi 
mi'-3 3^tl^ilcr)'ir~y}U;tl y h;t7?S**> 1 3 
6 8 n m*g}T'* S<0-C. (S, Ct tziiJ'^y 

H) (a*l 3 68nm-l 

439nm) <?)M^T.t)3t7 r Agj^ 3 1—3 3^^5 

{i, 3t7r^Aem3 i-^ss^tL^ticom^mm^ 

*»'13 50nm— 1440nm-C*S::tA»^, 3fc7T 

•^>''^feSli3 l~3 3-?■i^-ftL^os, Cfcit/'U'^y H 
Ips/nm/kmJJLht^r'). B 
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3fejSjM-^<7)^*sWj§fx^c?)-c\ S, cttiiiu^y 

}'<r)m^<r>m^^^m^^i±x'iifmx'hh , 

[ 0 0 3 4 3 § ^> tc, 7 vyti«ifflljg^t60&:llr S^n" 
yYX'OlS. 2THz:^'Jt®vn 3 68nm~14 3 

nm~l 5 3 0nm) cOff-f^Sr^vyiMil-tl):: t**" 

■C#l..-:^r. cttzitLJ^y\i(DimmiEr7x3m 

10 [0035] LtziJ^-o X . Z (Dmi^l^y^TJ^ 2 X'\t . 

mmm i o isja^ ti^ s , cttzM l a> h-c^i^js 

;^fi^7Kti. 3K7 r A'^f§ 3 1-33 ^e*m, 

istc. y^ymmtfzMErimmmyrAm^^ 
xii^umimsmz-tiztifix'^t. -t^jih^. 

[00363 {m3<r>m^) mz. *l|HBt^53K 
fTOS>'XTAc7)^3c7)^(0^^{:o(,^TIIiH^1-S, 123 

^3<^^Mm(cfSI.3fc{EjSx;^rA3<7)tg^ii-c 
m3£7)^S6mc^l,3tfE3ii/XTA3{i. ^2 
<0||Jfem?t^«S3tei*i^;^xA2iJtl^l.fc. Er 
7C«m!lD?K7r-^ A'liB§|6 lc^f^fia^3<i;!?r7 4 1 a 

i>zmtxmmz%tryA\hi:m'ftz^. axi/. e 
rTmrn^yr^f^^fme 2ffym.<r>my7A 2 

30 atc#i.T H<iSfc3tX?7-74 2 b Srm^c;ST'M=5r^. 

[0037] 3K;<?r9 41b. "y^yWmmmMS 
. lbj5j:t>'Er7n«^j03t7T-<Ati1iS6 US. lo 

E r 7c^sjn3e7 r A-jMi^6 1 c7)itistiea§ix-c 

v^l., -eUT. 3t;<?r74 1bJ:t5«*&§ix|.7vy« 

istt^^n/cfira) *><^3t7 r A JMmmz}Si'^t:m.ti'^ 

gtfflv^f5M(cJ)I.E r7cS?»7t7r'f^N'iii|i§l6 1 
40 '^3t7r-f>'^fE)MBl3 1^«lft'r4. c:<^J:'pfc'f-S:: 

it'. y'^ym^mmmitim.m^zs.'yXB.m'^h 
ztti^xihnx. sj^yY<om^iy-^ymmfh 
iLX-m&xhh. 

[0038} |5l«t. 3fc<?7*74 2 b , ^vyliJim 
©Kiss 2 bfcil/^E r7C«»3t7 A'iig^6 2 
ii. l^cr)4'il8^tc|£(t'^tl-CV^S, tt^.mryA 

■ 2 b fi. e r Ttrnm^y 7 A mm e 2 <oi!rst=ii; 

M§^^•CV^^, -eLT. ^ry A2hi.y)\m^Kh 

y^ym^mmmMi. ^xm. i-t^^hh. ^ry 
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[ 0 0 3 9 ] i i d i^18fi!tS^lS3fefe)li^^;^r A 3 

[0040] {f^Aommm) mz. 
m^yr^m^b immiz^r^A i bijj: 

[0 04 13 3te;^r74 1 a, 4 1b. 
e?fcS5 1a, 5 lbi5j;tXEr7C*^ilB3t7r-^^'vli 
.HilgeKi, \-:><7^^im\,zmft^ta:\^h. 

4 1 a (±, E r 7C«?^II3K7 r 6 1 (Jmmz 

Sea^tiTfcD. 3t;^r54 laj;0ffi*^^ixl.5v:/ 
lMi@ffll)@7l£<±. SAfia {^ts:hh. ^ryA 1 a 

■ifi^ij%.\^&.mzhhEr-7mmw±yr-i)W^^(> 

1^) '\%yr^^^mm3 2i\m:f^. ttz. %f]r 
^ 4 1 b E r i^m\%y r ^ y'it^tme i 
izmm^hxh *) . %^rv 4 1 b i ^mk^ixh 9v 
>mmmmit. m-xm. itt^hio. %iir^A 1 
b ifmii^f^i.>sm. ) T ^ )^T:■m\iz'i^'^ 

6 l'V|6]*>3:^ri^i:(iR^c7);J(6] (•t^:b*). ±fficO:fr 
|Si ) ^%y r ^ f^'Sm 3 1 SrfEjlH--l. . ^ (T) j; a 
i.;fC> 5vytgiliffljaig3tSr;glEBifc:Ho-CfEfR§ 
'±hz.tifX'^h<m:. SA'yh'<7)<l^3t^5'7ytiili 

[0 0 4 2] |«I«t;.-3l£;<fr74 2b. ^-^yfilifflll 
mm 5 2 biJ itXE r%3g8^Jn3t7 T-f ^N'tl1SS6 2 

\t. \-><r)^i^\zm^^tix\^h,%f}yvA2^ 
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